reading can then be used in an equation derived from experiments in which stain darkness has been related to the weight of a standard urban type of smoke upon the paper. The concentration of smoke can thus be expressed, in terms of micrograms per cubic metre of air of this 'equivalent standard smoke.' As long as the stains are not allowed to become too dark, this method has been shown to be appropriate for most urban smokes throughout Europe; where some unusual component such as cement dust is present a special calibration is needed to give accurate results.
The dilute sulphuric acid in the bubbler produced by the oxidation of sulphur dioxide from the air can be estimated by a simple titration, using an indicator giving an end-point at pH 4-5 to avoid introducing errors due to carbon dioxide. The concentration of sulphur dioxide in the air is then calculated and expressed in micrograms per cubic metre. Although this method is not specific for sulphur dioxide, since it measures the net acidity of the solution, interference from other strong acids is rare, and if the presence of alkalis such as ammonia is suspected it is not difficult to correct the result by estimating the ammonia present. On the whole, however, the result obtained gives a good estimate of sulphur dioxide pollution, in most situations.
The Survey was originally planned to last for five years but the process of approaching local authorities and the time-consuming administrative steps required before action could be taken to purchase and install new equipment (every site for which had to be selected in consultation with the staff of Warren Spring Laboratory) meant that it was not until late 1962 that the majority of representative sites were in operation in towns, and 1963 was well advanced before the rural communities could begin measurements. However, if the weather provides a fairly wide range of winter and summer conditions it is believed that a sufficiently comprehensive survey can be completed by the end of 1966.
To deal with the greatly increased volume of observations necessitated by the National Survey, Warren Spring Laboratory has undertaken to process the data by means of an electronic computer, returning the calculated daily concentration figures to those making the observations and circulating to all observers and to many others the monthly summary of results in the form of a Bulletin, and complete annual tables. The Laboratory also publishes a monthly list of abstracts of publications dealing with all aspects of air pollution, and organizes twiceyearly meetings of the Standing Conference of Bodies Co-operating in the Investigation of Atmospheric Pollution. At these meetings, papers are presented giving the results of interim analyses of the data from the Survey, and dealing with a variety of subjects concerned with pollution problems. A comprehensive study of the completed Survey will be published in due course, with statistical evaluation of the factors found to influence air pollution. Among the various forms of air pollution, that due to motor-vehicle traffic shows the greatest complexity because of the numerous chemical substances involved.
In the oxidizing atmosphere formed in this way, we may find unburnt fuel, polycyclic hydrocarbons including the carcinogenic compounds (benzo(a)pyrene, benzo(k)fluoranthene),1 acetylene, ethylene and other olefinic hydrocarbons, aldehydes (formaldehyde, acrolein), free radicals and peroxides, nitrogen oxides and the irritant peroxyacylnitrates, carbon monoxide, lead halides associated or not with ammonium chloride, resulting from the combustion or decomposition of anti-knock additives, sulphur dioxide derived from sulphur in the motor fuel, &c. In some urban centres a considerable excess of ozone can be found in comparison with the usual concentration in the air.
The complex process of formation of such pollution, reaching its peak in Los Angeles, has been in the USA the subject of much research of great value, which proves that it is essentially produced by photochemical reactions. I myself have reviewed the problem in several papers (Moureu & Truffert 1960 , Moureu 1961 , 1962 and all details needed will be found in the report specially published on this subject in 1962 by the US Department of Health in Washington.
In Los Angeles, where, in 1960, 3,450,000 vehicles were running and using 29,000,000 litres of fuel every day, the pollution due to motorvehicle traffic represents 60-80% of the general 'Also known as 3:4 benzpyrene and 11: 12 benzfluoranthene pollution (Linville et al. 1960 ). The oxidant .component..predominates and by measuring this it is possible to follow the fluctuations of pollution and to take the necessary preventive action when intense pollution appears imminent.
It is not the same in the Parisian district where 6,000,000 people are living in an area smaller than 500 sq. km. The 1,400,000 motor vehicles seem to be responsible for only approximately 25 % of general pollution (Laboratoire Municipal, Paris 1958) and the results observed in Paris are dissimilar to those found in Los Angeles. For instance, in Paris, natural ozone is destroyed by the unburnt, unsaturated substances in the exhaust gases (Vassy 1961) while in Los Angeles, the pollution is characterized by an excess of ozone produced by the photochemical mechanism to which I have referred above.
Because of this difference, since 1956 I have chosen to measure carbon monoxide as a test substance to observe the fluctuation of the level of pollution due to motor-vehicle traffic in the Paris area. The exhaust gases of some idling vehicles may contaip as much as 11 % of carbon monoxide, the accurate and rapid determination of which in the air is based on absorption in the infra-red portion of the spectrum.
But if we use the levels of carbon monoxide concentration as a primary test, the important problem is the determination of the degree of noxiousness of pollution having regard to the possible synergistic effect of the various pollutants emitted at the same time. We have considered this problem carefully ) and have proposed the two scales shown in Table 1 . This list is similar to that published by the specialists of the State of California who have taken 30 ppm for eight hours as the carbon monoxide concentration (C) corresponding to the 'serious' level of pollution (Merrill 1960) . The blood of an individual staying in such an atmosphere would at equilibrium contain carboxyhimoglobin (COHb) given by the following formula: COHb %==016 x C= 0-16x30=4-8%. This 'serious' level has been selected in order to allow for the possible action of other pollutants present in the exhaust gases, for it represents half the concentration at which malaise has been reported to occur in predisposed persons exposed to carbon monoxide alone.
This terminology pertinent to the amount of carboxyh;emoglobin in the blood of an individual is valid only if the content of carbon monoxide is solely the result of pollution; it cannot be applied, for instance, to that resulting from exposure to pure carbon monoxide or to that originating from tobacco smoke.
The use of carbon monoxide as a test for pollution due to motor-vehicle traffic has allowed us to undertake since 1956 a number of interesting experiments which will be briefly discussed.
(1) Estimation ofthe Level ofPollution due to Motor-vehicle Traffic It has been established from previous studies carried out for four years that in Paris, even in districts where motor-vehicle traffic is heavy, there may be less busy streets where the concentrations of carbon monoxide are low. They become nearly negligible from the second floor of dwellings and also in the large public parks.
In the light of these findings my staff have been carrying out a systematic experiment on a large scale continuously since January 1, 1960: 317 fixed sites, evenly distributed in all the districts of Paris, have been selected as being characteristic with respect to traffic; each site is visited every month, and each year about 15,000 samples have been collected at approximately one metre above the ground, in which carbon monoxide has been quantitatively determined. The differences shown in Table 2 are statistically significant and while during the first three years this type of pollution seemed to have become stable, the year 1963 reveals a real increase to a level called 'serious'. These general averages from the 317 fixed sites are but terms of comparison and do not represent the average concentration of carbon monoxide over the whole Paris area. The average values may, of course, differ widely from the maximum concentrations observed; Table 3 shows, for instance, that in 1963 31-7 % of the samples contained more than 30 ppm CO; 4'8 % of them contained from 100 to 300 ppm. Table 4 also shows that among the 317 sites 47% of the samples have in 1963 exceeded the 30 ppm 'serious' level. I will not dwell on the numerous conclusions which can be derived from the statistical study of these results with respect to the geographical distribution of pollution and also the seasonal, monthly and daily levels, &c. It is, however, worth noting that the average levels of pollution in road tunnels are nearly proportional to their length. Contrary to expectation, we find by comparing Tables 2 and 5 that the general average of pollution in these tunnels is of the same magnitude as that observed at the 317 sites in the open air. This observation is of interest 'in'th'at' it shows how a continuous flow of vehicles can have a good effect on local pollution by dispersing it. Fairly high 40-50 12 1147 09 9 3-2 31439 13 High 50-60 0-3 r 0 0 6-3, Very serious > 60 0 J 0 J 0 J 06J (2) Relation between the Degree ofPollution and the Intensity of Motor-vehicle Traffic
The method we have been using to observe the variations of yearly levels of pollution due to motor-vehicle traffic has the disadvantage of being discontinuous. At the site where the air samples are collected local pollution, as determined by its carbon monoxide content, may vary widely from one time to another. The actual degree of pollution at that place is, therefore, not accurately known and is significant only if it is calculated from a large enough number of observations.
To remedy this deficiency, a laboratory truck has been fully equipped with the necessary instruments and located at some selected sites in Paris in order to carry out a number of studies described below.
The variations in carbon monoxide concentration at the selected site were recorded by means of a R-80 infra-red analyser having a maximum range of 100 ppm (minimal sensitivity We have carried out similar experiments at different places in Paris and confirmed the above conclusion. Determinations of benzo(a)pyrene in the air have been made simultaneously but the results show a great variation without any apparent connexion with motor-vehicle traffic. This is not surprising since benzo(a)pyrene is also emitted by industrial plants and domestic fires. (3) Pollution by Motor Vehicles and Carbon Monoxide Content of Blood One of the consequences of pollution due to the motor-vehicle traffic is that the blood of people who are exposed to it comes to contain carboxyhemoglobin. I have always believed that the measurement of the carbon monoxide content of the blood of the man in the street was a valid estimate of the pollution to which he was exposed.
A precise and quick method (6 minutes) for the analysis of small quantities of blood was perfected in 1956 in my laboratory. The method is based on the extraction of blood gases from samples not exceeding 1 ml after which the amount of carbon monoxide is determined by infra-red analysis (Moureu et al. 1956 (Moureu et al. , 1957a . This method is entirely satisfactory and its use has allowed us to reveal some interesting facts.
Operation 'Drivers'
For several years we have made a comparative statistical study of blood samples taken from different classes of inhabitants of the Parisian districts; between 1,000 and 2,000 samples of have been exposed to town gas or combustion gases containing CO. c, 2,690 workers having occupational exposures to CO If, according to the terminology mentioned in Table 1 , we consider as 'serious' a carbon monoxide content showing 4-8 % carboxyhemoglobin (corresponding to an amount of 1-2 ml of carbon monoxide per 100 ml of blood) we see in Fig 2 (1963) and Fig 3 (1959-62) and also in Table 7 that motor-vehicle pollution is the most frequent cause of high blood carboxyhoemoglobin concentration.
The striking point is that the blood of drivers of motor vehicles contains, on an average, more carbon monoxide than that of workers who, because of their occupation, are liable to this. hazard. This confirms the validity of our warning. given as early as 1958 (Moureu et al. 1958 ). Most. modern vehicles show that their manufacturers. have cared more for comfort than for health. One may even think that some accidents which one is inclined to attribute to alcohol may in fact be due to the unsuspected synergistic effect resulting from the simultaneous absorption of carbon monoxide, nitrogen oxides and other associated pollutants.
Operation 'Constable' After drivers of motor vehicles, the people most liable to the consequences of pollution arising from traffic are pedestrians, people working in the streets and persons living on ground-floors.
In order to estimate this hazard, an important experiment was undertaken in 1963 in the following conditions:
An appeal was made to 329 traffic policemen in Paris; they were all volunteers and 157 of them were non-smokers. In six different places, and each time for a five days' test, our laboratory truck was stopped in the immediate vicinity of the traffic policemen on duty. For each of them a blood sample was taken before and after their duty and the amount of carbon monoxide in it was determined. At the same time the variations in the amount of carbon monoxide in the air breathed at the various sites were recorded in the laboratory truck and the average amount was determined by integration for periods of fifteen minutes. Since each constable was on duty for five hours and his activity could be considered as 'light work', one can estimate that equilibrium would be reached at the end of this same period between the carboxyhoemoglobin and the oxyhemoglobin with the average content of carbon monoxide observed in the air . The average content in the air at the considered sites will be found in Table 8 . Samples were taken from subjects who were non-smokers and whose blood initially contained a normal amount of carbon monoxide (<0 45 ml/100 ml of blood). The average amount in these subjects before exposure was 0-28 ml of carbon monoxide per 100 ml of blood (standard deviation 0 09).
Although a definite increase in the proportion of carbon monoxide in blood was seen in 42% of the subjects during their duty, this increase has never reached the so-called 'serious' level of impregnation (4-8 % of carboxyhoemoglobin); it must be noted, however, that the period in spring when this experiment was carried out was marked by fairly low average content of carbon monoxide in the air, corresponding to good weather conditions (rather strong regular winds). We propose to make another experiment in winter on -misty days.
To conclude, one can see the diversity of observations which we have made in Paris using carbon monoxide as an indicator of pollution due to motor-vehicle traffic. Such a method is not necessarily applicable elsewhere. It is quite certain, for instance, that in some towns of the USA, such as Los Angeles, it is the concentration of oxidant in the air which constitutes the principal factor characterizing the degree of pollution; carbon monoxide in this case may be of only secondary importance.
Pollution by motor-vehicle traffic shows a tendency to increase in Paris in comparison with the general pollution and we have therefore been engaged for some time, while continuing our experiments described above, in identifying pollution due to exhaust gases by other criteria. We are now paying special attention to the concentration of nitrogen oxides in the air which, being emitted at high temperature by combustion processes, may play an essential part in the initiation of photochemical reactions leading to the 'oxidant' form of pollution.
